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....... _ . __.. AERONAUTICAL - SYMBOLS

........ ".... _ .. .!, FUN._DAMENTALAND DERIVED. UNIT_S !

• Metric . EnglishJ
Symbol [ Unit Symbol Unit Symbol

!-- ---- i "

Length ..... l meter .................... m. ] foot (or mile) ....... ft. (or mi.). iTime ....... t second ..................... see. i second (or hour) ....... see. (or hr.).
Force ...... F weight of one kilogram ..... kg. i weight of one-pound___ ]b_

 owo, oo "1
i ...... P _"- _-_- -m: p.-s( - Ird/h?i S eed...... ======================I- i :.... :::::::::::
I | f

2. GENERAL SYMBOLS, ETC. _ ..... :

Weight, W-rag. Specific_eight of "standard" air, 1.223 kg/m)"
Standard acceleration of gravity, = 0.076351U/f t? - - • * •

- g=9.806m/sec.2=32.172ft/secY Moment of inertia, mk _ (indicate axis-of the'

W radius of gyration, k, by proper subscript).
Mass, m _

g ..... Area, S; wing area, Sw, etc. ,'

" Density (mass per unit volume), P. " Gap, G _ _ : -L

Standard density of dry air, 0.1247 (kg.-m.- Span, b; chord length, c.
sec.) at 15.6°C. and 760 mm. = 0.00237 (!b.- Aspect ratio =b/c

ft.-see.). Distance from c. g. to elevator hinge, fi
Coefficient of viscosity, v,

L 3. AERODYNAMICAL SYMBOLS

" True airspeed, V _ Dihedral angle, _.
1 V/

Dynamic (or impact) pressure, q = 2 a V Reynolds Number = p , where l isa linear di-D

_S mension.Lift, Z; absolute coefficient C,.=
e. g., for a model airfoil 3 in. chord, 100 mi/hr.,

• D normal pressure, 0°C:255,000 andat 15.6°C, !
Drag, D; absolute coefficient Col-_-_ 230,0O0;

Cross-wind force, C; absolute coefficient or for a model of 10 cm. chord, 40 m/see.,•
........ _-__C ..... . corresponding numbers are 299,000 andS.

"c-- q-S" 270,000. !

Resultant force, R Center of pressure coefficient (ratio of distance
(Note that these coefficients are twice as of C. P. from leading edge to chord length),

large as the old coefficients Zo, Do.) Cw

.4ingle of setting of wings (relative to thrust Angle of stab:Jizer setting with reference to
lithe), i. lower wing (it./w) =fl

Angle of stabilizer setting with reference to Angle of attack, a

thrust line, it. Angle of downwash,
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REPORT No. 223

PRESSURE DISTRIBUTION ON THE C-7 AIRSHIP

By J. W. Crowley, jr., and S. J. DeFr_mec

SUMMARY

This investigali,m was made by the National A(Ivist_ry Committee for Aeronautics at the

request of the Bureau ()f Aeron,mlics, Navy Department, for the purpose ,,f determining the

aero<lynamic pressure <listrit)ution enr(>untered <>n n " C" el,lss airship in flight. It was con-

ducted in two parts (a) tests on the tail surfaces in which the pressures at 201 points were meas-

ured and (b) tests on the envelope in which 190 p(fints were used, both tests 1)eing made under as

nearly identical flight conditions as possible, so that the results could be Combined and the pres-

sure distribution ovel' the enl ire airship obtained.

The method of testing consisted (d" measuring the pressures by means of ori[ices located at

the desired points connected to the tubes of a multiple liquid manometer. Simult'meous read-

ings of all the pressures were obtained by photogr_phing the manmneter.
The results as presented in tiffs report are mainly in lalmlar form and may be very hriefl 3"

summarized as follows :

(1) The maximum local pressure encountered ()n a tail surface was 7.3 lt)./s( I. ft.

(2) The maximum total normal force on a complete lail surface was 352 pounds or a C_-_

of 0.316 occurring on the b(,ttom fin and rudder during a "reversal" of the ru(lder.
(3) The maximum moment of the tail surface forces nb()ut the center of buoyancy was 37,200

lb. ft.

(4) The investigation of the envelope pressures, while showing the general distrit)ution of

pressure satisfactorily, is practically useless in the determination of total aerodynamic forces on

the airship.
(5) It, is concluded Lhat the pressures set up 1)y a lmmp are larger than those obtained in

maneuvering.
INTRODUCTION

The available data concerning the aerodynamic forces experienced by an airship in flight are

very scarce. The British have made some pressure distribution measurements on the tail sur-

faces of the rigid airships, R 26 and I{ 32, trot (,nly comparatively f(,w points were investigated,
and the results, consequently, are not M all complete. So far a._ is kn(,wn, there lms been no

previous complete investigation of pressures on an airship envelope in flight. 3,b()ut the time
that these tests were being carried out, an investigation was being mad(' on the hull of the ZR-3

at Friedrichshafen, but the results have not been put)lished.

In these experiments, covering both the envelope and tail surfa('cs, pressures were recorded

at 1)oth high and low speeds for ea¢:h eonlr()l setting. The maneuvers were : Steady turns, steady

eliml)s anti (lest, ents, starting of turns an(I ('limbs, reversMs from left turn to right turn, rising

light, flying horizontally while light, and flying lhrough gusls. The Mrship was flown under all
of these conditions in order to make sure lhat the nmximum pressures cncountt,red in normal

flight were obtained or exceeded.

METHODS AND APPARATUS

Apparat_l,_. -Prcs_ure pads of the type developed ,rod calibrated in the United States

.Navy Aerodynamieal Laboratory (Reference 1, fig. 1) were cemented direvtly opposite each
3
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Fro. 5.--Pitot-static head

Tile multiple liquid ma-

nometer (fig. 7) consisted of

224 glass tubes arranged in

Iourgroups. Each group con-
sisted of t,w. reservMrs con-

netted by a brass header, out

of which projected 5(_ glass
tub(,s, each of which, save ),

was ('onneqted to one of the

pressure orifices. Three of the
other 4 were connected to an

air reservoir in the cockpit.
and the fourth to the trailing static head (fig. 5). The line connecting the level of liquid in the

three tubes provided a datum line, in accordance with the roll of the airship, fr,)m which pressures

eouhl be measured, while that in the fourth tube gave the true static pressure outside of the
/low caused by the airship.

The four manometer units were mounted together in one box, and to obtain recoMs (fig. 6)
tim complete assembly was photographed by a specially designed camera (fig. 7). The camera

consisted o[ a light-tight box and a film container which was removable in daylight. The
capacity of t.he container was a roll of film sufIMent for 27 exposures, 6 inches t)y 6 inches.

The spool on which the exposed film was wound was turned by a handle, which in turn, by
means of a tripping device, operated the shutter once every revolution, thereby making the

record. At each operation of the shutter an electrical conta('t was made which caused a light
to flash and make a timing line on all records being made on drum type instruments. In this

investigation an N. A. C. A. recording air-speed meter (Reference 2) and a recording statoseope
and inclinometer were used, and by means of the timing lines all rcc_,rds were synchronized.

FIG 6--Manometer roeord
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Other instruments used in these tests were: rudder position indicator, low range precision

altimeter, yaw indicator, stop watch, and thermometer. The rudder position indicator,

altimeter, and stop watch were mounted on the manometer t>ox and were photographed with

the pressure tubes. The recording air-speed meter and the recording statoseope were eonnected,

respectively, to a trailing

Pitot-stalie head and a trailing

static head (fig. 5). Both of

these heads were suspended
25 feet below the ear so as to be _ j

outside of the distm'bed llow [

caused by lhe airship. The

recording staloscope consisted

or a recording air pressure cap-
suit,, n vacuum h_)ttle, and a

by-paas valve connected as

shown in Figure 8. The yaw
indicator consisted of a pro-
[raetor mounted on ttte side of

the ear. By sighting on the
trailing Pilot-static head the

•ingle of yaw at the ear was
read on the scale. The rudder

position indieat.r consisted of

a graduated disk, which was
e<mnected to the rudder con-

trol cahles. The lhermomeler

was atlached to the outside F_n. 7.--Manometer and camera as stt up on the ship

of the car so as to obtain the air temperature for computing the air <tensity.

The position of the control surfaces was indicated to the pilot by two telautogral)h instru-

ments, wlfich measure the angles between the stahilizers and movable surfaces and [hen

m(,nt of the Controls an<l the second as soon after that as possible.

electrically communicate the readings to an indicator

in the cockpit.

3lt4l_od of tests.--Before the flight tests, were made

all the connecting tubes were tested for leaks and slop-

pages. This was accomplished 1)y bh)wing through
(he tubes from (he oritice end of the line. A manom-

etre" at (his end and the reading indicated on the
multiple manomeier were observed at the same time

and compared. The same procedure was carried oul

at the eoml>letion of the set ()f tests and an,,, lines
which indicated leaks were discarded. The hehn angle

indicator was ealil)rated and the zero reading of the

yaw protractor noted for an angle of zero yaw relative

to the hmgitudinal axis of the car.

Before each flight the pih)t was supplied with a list
()f the conditions desired and the camera and recording

instruments were hmded, rwo observers were reqmred

an<t their first ol>eration was to lmver the two trailing

boml)s. Both observers then gave their attention
to the pilot and awaited his signal that the desired

eonditi(m had been reaeh.e<i. For steady flight con-

in.alrmnents were made on receipt of this signal. In

were obtained, the /h'st immediately after the move-
With the camera used
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the interval between pictures was three seconds. In the reversal condition four photographs

were obtained in the above manner. The readings of the helm angle and revolutiCms per

minute were recorded by the pilot.

The maneuvers in which pressures were recorded arm tabulated in Table I, which is self-

explanatory with the exception of the "light" conditions (runs 22 to 25, inclusive). To obtain

these flights while statically light, the airship was brought to equilibrium at a definite altitude
and 500 pounds of ballast released. In this condition a horizontal flight was made, main-

taining a constant altitude by aid of the elevators (runs 22 and 23) and also a flight with the

airship on an even keeI but rising due to excess lift, (runs 24 and 25).

Reduction and presentation of (hlta.--The data were all ohtained from photographic records,

except the angle of yaw, temperature, and revolutions per minute, which were tabulated from

indicated readings. To facilitate reading of the manometer records, the negatives were placed

in a projection lantern and the enlarged image thrown on a screen. The magnification was so

chosen that the head of alcohol couhl be sealed off directly in pounds per square foot. A wire

over the screen was shifted so as to run through the images of the menisci of the three tut)es,

which were connected to the air reservoir in the cockpit. This gave the angle of roll of the

ship and a base line to work from. A second wire was shifted into parallelism with the first

and passed through the image of the meniscus in the tube connected to the trailing static head.

The height of liquid in the various tubes above the latter wire gave directly the pressures rela-
tive to the truc static condition outside of the disturbed flow.

The rate of change of static pressure, as recorded by the statoscope, was convertc(l into

rata of change of altitude by the use of the atmospheric tables. This rate of change of altitude

(livided by the air speed ahmg the line of flight, gave the sine of the angle of inclination of the

flight path. By subtracting this angle of inclination from the angle of inclination of the car

as recorded by the inclinometer, the angle of pitch was obtained.

The maneuvers in which the pressures were investigated are given in Table I, while the
conditions under which each maneuver was made is tabulated in Tables II and V. Due

to flight difficulties the desired rudder and elevator angles given in Table I were not always

obtained. The actual angles measured in flight are given in Tables II and V. The pressures

over the tail surfaces are given in Table III, while those over the envelope are in Table VI.

The resultant forces on the tail surfaces are given in Table IV and those on the envelope in
Table VII.

In Table IV the resultant normal forces have been expressed in the coefficient form

P
C'_:=1/2 p V_A

wh ore C_s= absolute normal force coeiJieient.
P = load in lb.

A = area of surface.

p = air density.
V= true air speed.

The pressures over the tail surfaces were plotted for all runs along each row of holes at

right angles to the longitudinal axis of the airship, as shown in Figures 9, 10, 11, 12, 13, 14, 15,

and 16. As may be noted in these figures, at each row a curve was drawn of the pressures on
each side of the surface and the resultant pressure curve for the row determined from the algebraic

sum of these. The areas under these latter curves were measured and used as ordinates in drawing
a resultant Ioad curve for each surface. The center of area under each load curve was deter-

mined, and with the distance from that l)oint to the center of buoyancy as an arm; the tail

surface moment was computed. In all cases a positive load was considered to be acting from

bottom to top on the horizontal surfaces and from star-board to port on lhe vertical surfaces.

To present the distribution of pressure over the hull, the values were plotted upon longi-

tudinal cross sections of the envelope as shown in Figures 17, 19, 21, and 23, and also upon



:2 ?_ : : !i Z:

8 REPORT NATIONAL ADVISORY t2Oi_IMITTEE FOR AERONAUTICS

circular cross sections at each station as in Figures lS, 20, 22, and 24. The resultant w_rtieal

and horizontal transverse forces at each station were obtained by numerical integration of the

pressures around the envelope. These forces were plotted ahmg tim axis of the hull, giving one
curve of horizont.d gorces and one of vertical forces. To these were a(tded the horizontal and

verti(ml loads upon the tail surfaces, thereby giving t.hc total aerodynamic forces acting hori-

zontally and vertically along tile axis o-r ihe ship. These combined curves were drawn for eaeli

maneuver in the same manner as shown in Figures 25a, 25b, 26a, 26b, 27a, 27t b 2go, and 28b.

PRECISION

Ext)eriments made t)y the National Advisory Cmn,nittee on .m airphme wing during the

summer of 1921 anti tests made in the [Tnited StaL(;S Navy's Aerodynamical Laboratory showed

that t.lle type of pressure pads, Figure 1, used in this invcsligat.ion gave the same reading of

static pressure as a single hole orifice just /lush with the surface. More recent experiments
made in the National Advis(wy Committee wind tunnel t_) find the effect of the position of the

connecting nipple showed that there was no change in pressure by moving the pad around

from a position with the nipple directly aft. to an angle of 90 ° t() the air flow.

Tail su@,ce._. The inertia effeets in the pressure tubes were elimimm'd in these tests since
only pressure differences, /is measured through tubes c); the same length and running side b 5

side were used. The manometer was mounl.ed close to the center of gravity of the airstrip

anti the vertical accelerations .tffeeting the height _rr the liquid c()lu|nns were neglected. The

individual pressures are probably accurate to 0.10 lb./sq ft. The accuracy of the figures given

for tile total forces is limited by the number of points investigated, because a curve was drawn

connecting the individual pressures and tlle total "forces were obtained by integrating the area
under this curve. For l]tis reason the t._*tal ';orces on the tail surfaces can not be assumed to

be correct to better than + 5 lb., because the changes in l)ressure between points were great.

E_velope.--The precision (>f results on the tail surfaces can not be api>Vied to the pressures
or total transverse forces on the envelope. The pressures over lhe envelope were of small

magnitude and the distan<,e between points el' investigation w'l_ large. So thai with the diM-
eulty of measuring the small pressures and because o¢ the -_aet tLat t]ey were consi<lerel as

acting over large areas, great errors might ent.er into the com_)utation or the t(_t.al forces.

It should be noted that the angles of pitch and yaw were measured relative to the car, and

if applied to the envelope may be in slight error because of the flexibility of the suspension sys-

tem. There was st)me (lifi3culty experience<i in measuring the _mgle of yaw because of the

swinging of the suspen<led Pilot-static head on which sightings were taken. However, the

readings obtained for steady c<>nditi_ms were correet to the nearest 0.2 °. For nonsteady con-

ditions the error may have been slightly greater, because it was (tiffleutt to observe the angle

at. exactly the same. instant that the records were made. In determining the angle of flight

path from the slope of the statoseope record and the air speed, the assumption was made that

there were no vertical air currents or gusts, which was pr<>bal)ly the case in all runs, except
where the effects <)f a gust were <lesire<l since the other tests were made over the water.

DISCUSSION OF RESULTS

The discussion of the results of this inx-estigation is confined to a consideration of the

actual pressures and total forces en._ountered in the different maneuvers. While all of the

conditions enumeraled in Table I were invesligated, only those of each maneuver showing
the greatest forces are tabulated here. tie-;rover, the pressures encmmtered in all of the runs

iiave been tabulated and these (laia are availat)te at the National Advisory Committee for
Aeronautics for reference.

T(_il s,l_Jhces. -The results o1" the pressure distribution tests on the tail surfaces are given

in TaMes I1, III, and IV, in which are ta|)ulated the data recorded in flight, the pressures at

each orifice, and the t_tal resulting forces on the tail surraces, respectively. It will be noted

in the latter table that in circling flight the loads have been divided into the load on the fin

and load on the movable surface only for bottom fin and rudder, and, conversely, in climbing
I
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and descending flight only the horizontal surfaces have been so divided. Graphical presenta-
tion of the tail surface data for four runs is shown in Figures 9, 10, 11, 12, 13, 14, 15, and 16,

which are representative of the manner in which all of the pressures were plotted for the
determination of the resultant, normal forces.

From the pressures at each orifice as tabulated in Table III the resultnnt force at each

station may be obtained by the algebraic sum of the pressures on each side of each station.
Local loads thus determined show that the largest value recorded for a horizontal surface was

5.7 lb./sq, ft. on the port elevator while flying through a gust. This value exceeded the largest.

pressure caused by any specific maneuver, which was 5.2 Ib./sq. ft. near the leading edge of
the starboard fin encountered (luring a steady descent "_t 46 M.P.H. Much larger values than

these were recorded for the vertical surfaces where the peak pressures ranged from 5 to 7 lb./sq.

ft. with a maximum of 7.3 lb./sq, ft. on the top fin during a steady circle at 35 M. P. II. (fig. 11).

The largest local pressures were usually found at. the leading edge of the fins close to the envelope
and on the halaneing portion of the rudder and elevators.

Examination of the results in Tahle IV shows that the greatest resultant forces were

experienced on the vertical surfaces. This was to be expected, because more violent maneuvers
were made in the horizontM plane than in the vertical. IIowever, the loads recorded for the

horizontal surfaces were much greater than those which wouhl he experienced in normal flight,

because the tests were made as severe as possible, without increasing the gas pressure in the

envelope to a point where the fabric might fail. The greatest tot'fl normal force experienced

on a complete tail surface was 352 pounds on the bottom fin and rudder in run 27-b, a reversal.

Expressed in the coefficient form this becomes 0.316, which is also the largest C.,.,. obtained

for a complete tail unit.. In comparison with these the maximum normal force on a complete
horizontal tail surface was 181 pounds with a maxinmnl U_-_ of 0.162. As would be expected,

the same relation is true for the fixed surfaces where the largest force is found on the top fin,

311 pounds, or C_,_ 0.554, while the largest on a horizontM fin was 200 pounds, or C_-r 0.210.

Comparatively large forces were encountered on the rudder. A total force of 250 pounds was
obtained in run 9-b and normal force coefficients of 0.550 to 0.570 were found on three different

occasions. The maximum C.,._ encountered on a complete tail unit, 0.316, is less than the

value generally used in airship tail surface design, indicating that they are on the safe side.

Large horizontal moments of forces on the tail surfaces about the center of buoyancy were

expected as a result of reversing the rudder front 24 ° port to lS ° starboard and were found in
the first and second records of the maneuver. In the ease of the second, the vMue re_ehed was

35,100 lb. ft. (Table VIII). The resultant force 'causing this moment was the largest found

during the tests, 352 pounds on the lower fin and rudder and 180 pounds on the top fin, Finite 9.

The gust, which was encountered in run No. 28, apparently came from directly below and

thepressures recorded are not those caused by the bump but those due to restoration of the

ship to an attitude of normal flight. With the apparatus then available it was impossible to
record the full effect of :_bump because it was necessary to wait until the gust was felt and then

make the record. Itowever, the rcslfltant forces 1S1 and 152 pounds and the normal force

coeffmients, 0.162 and 0.136 encountered on the port fin and elevator and starboard fin and ele-

vator respectively, were the largest found on the horizontal surfaces. These forces, together

with the observations madc at the time of the test, indicate that there is a very _eat probability

that the loads imposcd by a bump or gust exceed those obtained in any maneuver.
Onc of the chief difficulties in thcsc tests was caused by the inability, with the apparatus

used, to obtain continuous records of the pressures and the subsequent doubt in regard to the

maximum pressures. This limitation is brought out rather forcibly by the above discussion of

the bump and is met with in many of the unstcady maneuvers as in the start of a turn. In the

latter, runs 9-a and 9-t), it is evident from an inspection of the results in Table IV that the first

run, 9-a, was made before the airship had started to turn and possibly before the rudder had

moved an appreciable amount because the forces on both the vertical fin and the rudder were

small. I Iowever, the second run, 9 b, shows gq'eatly increased forces and indicates that the

airship was turning. Because of the three seconds interval between records it is impossible to

52763--26t----2
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say exactly when the maximum forces were encountere,<t and whether or not tile forces obtained

were the actuM nlaxinmm forces. This, of course, wouhl be eliminated by continuous records.
A further analysis of the results in Table IV shows a peculiar comlition in that the load on the

tail surfaces was not equally divided between the port and starboard surfaces, or the top and
bottom surfaces. An example of this is run 21, where the starboard surfaces have a down loud

of 73 pounds, while the port surfaces have 146 pounds. This same thing is noted to a _'eater

or less extent throughout the whole series of tests and is only ext>lainable by the possibility that

the pressures were obtained while the airship was rolling. It was observed during the flights

that most of the maneuvers were accompanied by a rolling motion of the airship.

Em_elope.--The results of the pressure distribution tests on the envelope are given in Tables
V, VI_ and VII, and a graphical presentation of the pressures for four runs, a reversM of controls

from 24 ° port to lS ° starboard, a steady circle at ,37.5 M. P. It. with S ° starboard rudder, start

of a circle at 41.5 M. P. II. with 44 ° starboard rudder, and a bump at 45 M. P. H. is given in
Figures 17 to 24, inclusive. These figures are representative of the manner in which all of the

data were plotted.

The curve of the pressure distribution over the envelope did not change greatly with the
different maneuvers. The values of pressure were positive in all cases from the nose back

about 7 per cent of the length of the airship, where they became negative and remained so along

the hull to a region about I0 per cent of the airship's length from the tail. Ilere again the
pressure became positive and continued so to the end of the airship. This is about the same

general pressure distribution that was obtained on a model of the C-2 at 0 ° yaw in the wind

hmnel at the Bureau of Standards. The only radical departure from this general distribution

was found in run No. 5 in the region close to the nose. In this region the values changed sign

several times and as the photogral)hic record was po<>r, making it difficult to read the w_lues,
these data are considered doubtful.

When the envelope results are considered for the purpose of deiemlining the total aero-

d)mamic loading of the airship they are found to t)e very unsatisfactory. There are several

causes which contribute to the inaccuracy of the envelope results, the chief of these being the

relatively small number of points investigated on such a large area as that of the envelope.
This, of course, causes each orifice to be considered as representative of the pressure over a

considerable area and magnifie_ the inherent errors of such an investigation whidi are imposed

by the irregularities of the envelope and the interference of wires, pads, tubing, an<t nose battens

that undoubtedly produces disturbances at some of the orifices. This could only be eliminated

by a much greater number of orifices which wouht probably run into prohibitive weight and
resistance.

That the aerodynamic forces as measured are not representative of the forces encountered

is shown in Figures 29 and 30 in which the transverse forces as measured in Runs 4 and 1 are

ploited, together with the theoretical forces for the same runs as computed according to Munk's
formula (Reference 3) :

ds + v os co< + z,' F" px ds ]dF= dx (k_-k,) -d_ V_ _ r r _ cos

where k=-k_ = difference of transverse and longitudinal apparent mass coefficients.
S = cross sectional area

= angle of yaw
k' = inertia coefficient

r = radius _f turn

z = distance to the areodynamic center.

NOTE.--The radius of turn, r, was computed from the lime for a complete turn as clocked by a stop watch,

and |he air speed. This value was checked by using the equation given in the British Advisory Committee
Report No. 749,

rsin¢ = 0.9/

where l is the distance from the center of pressure on the fins to the c. g. of the airship.



PRESSURE DISTRIBUTIOX 0S THE C-_ AIRSIIIP 11

The computed forces as plotted in Figures 29 and 30 are not expected to agree exactly
with those measured because motion in a perfect fluid was assumed for the computations, but

no great descrepancies as are shown could exist and this is a further indication of the unreli-

ability of the aerodynamic loading obtained on the envelope.

0

o.

_-4

-IEo 20

;i

40 60 80 I00 120 /40 /60

Lemq/h /n fee_

Fie,. '29.--Steady circular flight, run No. 4

/80 200

:[ ,!,.-../!k! t

Leng/h /n feet

Fro. 30.--Ilorizontal flight, run No. I

Theoret kad and experimental pressure distribulion _n the "C-7" airship

CONCLUSIONS

Since the results are scattered throughout such extensiw, tables, it is thought advisable in

conclusion to again summarize some of tile more important of them, as follows:
(1) The maximum total load on a complete tail surface was 352 pounds, occurring on the

bottom fin and rudder (fig. 9), during a reversal at 40.5 M. P. II., when the rudder was

moved from 24 ° port to 18 ° starboard. The corresponding normal force coelTtcient, C was
0.316.

(2) The maximum total load on a fixed surface was found to be 311 pounds, and occurred

on the top fin (fig. ll) during a steady circle at 35 M. P. H. with the rudder 44 ° to star-
board. This resulted in a normal force coefftcient, C,-_= 0.554.

(3) The maximum total load on a movable sm'facc was 250 pounds, and occurred on the

rudder (fig. 13) at the start of a turn at 45 M. P. II. with tile rudder 44 ° to starboard. The

average pressure over the surface in this case was 2.9 lb./sq, ft. or C._-_=0.565, and was the

largest encountered on any surface during any maneuver.

(4) Large local pressures, ranging from 3 to 7 lt)./sq, ft.., were encountered, usually on the

leading edge of the top fin close to the envelope and on the balancing portmn of the rudder
and elevators. The largest pressure of this kind was 7.3 lt)./sq, ft. on the top fin during a

steady circle at an air speed of 45 M. P. II. With the rudder 44 ° to starboard.

(5) The maximum moment of the tail surface loads about, the center of buoyancy was

37,200 lb. ft. and occurred in a steady circle at 35 M. P. 11. with the rudder 44 ° to start)oard.

(6) The loads on the envelope were relatively small, the maximum loads ranging from 16

to 18 pounds per running foot along the axis of the ship.
(7) Due to tile large areas and small pressures encountered, any irregularity in the hull or

slight error in the reading of the pressures wouht cause a large error in the load per running foot

on the envelope. This fact tends to make a complete investigation of the envelope pressures

for the purpose of finding aerodynamic forces impractical)le, because it is obvious that sufficient

points to eliminate this difficulty could not be taken without running into excessive weight and
resistance. It is felt, therefore, that the results of the tests on the envelope while showing the

general distribution of pressure sufficiently well are practically useless in the determination of

total aerodynamic forces on the airship.
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(8) Although the pressures actually measured in a bump (figs. 15, 16, 23, 24, 27a, and 27b)
were of the same general magnitude as in the other conditions it is felt that the pressures
set up by a bump are larger than those obtained in maneuvering.

In general, the tests on the tail surfaces produced valuable data covering the loads and
coefficients encountered in flight which confirm the theoretical values used in design.

The investigation of the pressures on the hull, while producing some interesting informa-
tion relative to general distribution of the pressures, was unsatisfactory for the purpose of
finding the aerodynamic loading on the airship. It wouht seem that such an investigation is
unlikely to produce any results of particular value unless possibly on a rigid ship where the
resistance of the necessary tubing would be avoided by securing it inside of the envelope. Even
with a rigid ship it is felt that such an investigation is impracticable because of the great number
of points that it is necessary to investigate and the expense, bulk, and weight of the apparatus
required.

For further tests of this nature a pressure recorder giving continuous records is recommended.
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TABLE I

LIST OF MANEUVERS INVESTIGATED FOR PRESSURE DISTRIBUTION

_.Ul

qo

1
2
3
4
5
6
7
8
9

I0
11
12
13
14

I
Maneuver _ iR. P. M.

I

J__
I

Horizontal flight ........... ] 1, 250
Steady circle ............... I 1,000
.... do ..................... I 1,000

.... do ...................... I, 250
..... do ...................... [ 1, 250
Start circle ................. I :1, do0

..... do ..................... I l, 000

..... do ..................... 1, 250

..... do ..................... [ 1, 250
Steady climb ............... ! 1, do0

..... do ...................... 1, 0_0

..... do ..................... l, 2,50

..... do ..................... 1, 250
Start olimb ................. 1,600

[
(degrees) , .-.¢degr_'oes/ _1No. _.,a , , R. . . (degrees)

r !Elevator [ P M 1 Rudder angle Elevator !
Ruddc angle ! an-le . Run i _T ne"ve- angle

(degreeS) !

_ : ::::::::: 12, ................ 12u. ,
' t

_:RRR_ i! _d_ __ 1,250, [................................. 1OU, /
l, O00 ................:::::::::: =====================t ,, D.
1000 18 D. I8 R_:::::::::: 20 :::::::::::::::::::::::::::: 1250 :........ 11D.

44 R .......... 21 I..... do ...................... 1:2_o]........ "--77"
18 D. [8R ........... [ 22 Ij IIorizontalflightlight ...... 1,000 I................

................ 12 U. [] 24 i Rising light ................ ' _................
1,250 ................................. 19 U. 25 ]..... do ..................... ' I " " "

................ i 12U. ! 26 Reversal ................... 1,000 24L. to18R_.

................ I 19U. l] 27 ]..... do ..................... 1,250 . 24L. to18R_.

............ il2u. 11 k'p ......................"2 i ................
TABLE II

PRESSURE DISTRIBUTION TESTS ON TAIL SURFACES

[Table of Dalai

Run Run!Run Rm Run Rm ] Run [ Run i Run

NO._EI _N°" 2 --_E.N°' 4 _t_N°' 5 ': No. 9a __ __I__ ___[__W:;w_NC9b No SE_13 No SEpl7a¢[ No $517bWind direction ................................... '
Windveloeity(_.r.n) ..................... l,_ i_[ _t - i] "
AirintSalloonets(cu. ft.) ...................... [ 3,_d)0 3,5f_0 4000 1 odd] 1500 ,5001 4,500] 2,0do] 2_ooo

static condit on (lb Iight) .................... [ 30 30 I Equilib. [ 50 + Eqnilib. Eq filib ! Equilib.[ Equilib I Eqmiib
R. P. M. starboard ........................... • 1,250 1,000 1,250 ] 1,250 , t,250 ,250 *k 1,250 I 1,250 1,250
It. P. 51. port ................................ I I 250 1 OOO 1, 250 1,250 i, 250 ,2,'0 I ], 250 I 1,250 ! I 2.50
Gas pressalre (inches of water) ................ 1_ ' l_ I!_ _ 1},_ _ 1_,_ l,_ [ lS/_-2 [ 1_-2 ] 1_-2

Rudder angle (degrees) ....................... ] 0 .5 R. 5 R, I 18 R. 18 R. ]g R. _ 0 0 i 0

Elevator angle (degrees) ...................... [ 0 , 30 40 | 30 ' 40 0 12 U. 12 U." 12 U.- , _ - 45[ _9.._ 45: 45Air speed (knots) ............................. ] 4.. o

_i0mi[l_l_S CO,IrSC (dcgl'ees) ..................... L_0 X fir ons V_,rtoiIs. _r,ql'lO[1S : Varia ,s _Zai iOIL_. 1_._ ........ _ ..........
I el" _tion (degrees) .......................... [ 0 0 --I.0 --1.0 0 0 13 U 0 _ 0

Barometric pres_re (at manometer) .......... i 29. 02 29. 94 29. 90 29. 73 i 29. 70 29. 71 29. 95 29. 80 ' 20. 81
Temperature (° F.) ........................... 48 48 48 46 46 46 ! 48 53 _, ,53
Air density ................................... [ 0.002,t2 0.002,13 i 0.002,13 I 0.00242 0.00241 0.00241 I 0 00243 0.00240 0.00240

Corrected rudder angle (degrees) .............. [ 0 8 R. 8 R. ,t4 R. I 44 R. 4,i It. i 0 0 i 0
Corrected elevator angle (degrees) ............. ! 0 0 0 0 [ 0 0 19 U 19 U. [ 19 U

Corrected air speed (_/. P, It.) (N. A. C.A. 45. 5 42. 0 48 0 ! 46. ,5recording instrument) ...................... [ 47. 0 36, 5 41.0 ] 35 i 45. 5
Angle of yaw (degrees) ........................ '_ 2.9R 59R 7.4R1 6.0R. ,1.5 R. 4.5R. 2.1L. 1.SR. 1.5R.
Fore and aft inclination (degrees) ............. ] -5.2 +2.4 -3.2[ --1.41 -3.6 -4.21 +10.2 +0,6r +6.0
Inclination of flight path (degrees) ............ I --1.4 +2.6 OO I +1.7 OO 0 '_ +7.8 +2.2 i +7.2

Angle of pitch (degrees);. _---:.-. .............. --3.8 --.2 --3.2 --3, I ] --3.6 --4.2 i +2.4 --1.6[ --1.2

Time of complete turn immures) ........................ 2. 52 1. 03 I t. 11 i .................... t .................... ]..........

I

Wind direction ..........................................

Wind velocity (M. P. 1I.) ...............................
Air in balloonets (cu. ft.) ................................
Static condition (lb, light) ...............................
R. P. M. starboard ......................................

R. P. M. port ...........................................
Gas pressure (inches of water) ...........................
Rudder angle (degrees) ..................................
Elevator angle (degrees) .................................
Air speed (knots) ........................................

Compass course (degrees) ................................
Inclination (degrees) .....................................
Barometric pressure (at manometer) .....................

Temperature (° F.) ......................................
Air density ..............................................
Corrected Nldder angle (degrees) ........................
Corrected elevator angle (degrees) ......................
Corrected air speed (M.P.H.) (N. A. C. A. recording

lfistrument) ...... . ....................................
Angle of yaw (degrees) ..................................
Fore and aft inclination (degrees) ........................
Inclination of flight path (degrees) .......................
Angle of pitch (degrees) .................................

_tln

No. 21

WNWi
1,500

Equilib
1,250
1,250

1K-IY4
12 l)

41

29. 78
45

0. 0O243

18D

46
1.5 R
--5.0
--3.3
--1.7

Run ]

No._

1,250 ]
1,250 l

_7o l
8D.

29. 78 ]

o
0 _

6D" Ii.

_un

o. 25

1,000
525

1,250
1,250

_-1_I°

4°
27o

00241

0

+2: _
--4. 4

Run Run
No. 27a No. 27b

1 5C6 1,500
Equilib Equilih.

1,250 1,250
1,250 1,250

1OL.-,0_ 0L.-IO_
38 38

Variou_ Various.

0. 00242 i O. 00212
24L .tBR 2,tL -I,_R

0 0
40.0 _ 40.5

0-7 R. ] _7 R.
-0.2 ] -1.6

+2. 45 I 0

--2.65 i --1.6

l'_un
No. 27c

WNW.
4

I 5OO
Equ 1 b.

1,250
1,250

10I,.-10R.

Rt_n ] Run
No.T/d! No 28

1 WN .
1.500 ' 1,500

Equilih. ' Equilib.
1,250 ! l, 250

1,250 ! 1_250

10L:IOR. 3L.-8 R.

Various. 220Various. I 38 [ 43-45
1 110 D -4 _L

29.70 ', 29.8_i 16 4

0. 002.12 I 000242 ! 000244
24L. R

t!4L -18R.'5! _L.-13R.
180" 0 4 D.

o. o 7R."........"'_--4.4 --5.8
01 --3.9

--,6 i --2.1--3.2
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TABLE III

PRESSURE DISTRIBUTION ON THE TAIL SURFACES

[Pressures lb./sq, ft.]
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TABLEIII--Continued
PRESSUREDISTRIBUTIONON THE TAIL SURFACES--Continued

[Pressure lb,/sq, ft.]

15

I RunSurface Pad No.
1

Port fin and elevalor,
upper side ............

Port fin all(1 elevator,
lower side ..........

Lower fin iXlld rudder,

port sidc .............. I

l
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TABLE III--Continucd

PRESSURE DISTRIBUTION ON TIlE TAIL _URFACES--Continued

[Pressures lb./so, ft.]

Surfaco IPad!

_ _ddor!- !
Lower fl grid rr , /

starboard side ........ ] I-A !
2-hl

3-A
3-B
3C

t-B
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TABLE IV

LOADS ON TAIL SURFACES

Control angle

I J Air i (degrees)
Run I /speed!

: No.[ Condition [P[¢M' i --

' '':) Ele-

l rl I , hI IIo zonta fl'g t .......... 47.0 ..................
2 / Steady circle .............. 36. 5' 8 R. ]......
4 / ..... do .................... 4t.0: 8R. [......
5 [..... do .................... 35.0! 44 R .......

9a I Start circle ............... 45. 51 44 R ........

9b t ..... do...'- ....... ____ ..... 45 5, 44 R .......
13 Steady climb ............. 42. 0] ........... 19 U,
17a Start climb ............... 48.0 ........... /9 U.

17b I..... do .................... 46. ,51........... 19 U.
2I Steady descent ........... 46. 0] ........... 21 m.
23 Horizontal fight (light)__ 43. Ol ..................

2.5 ] Rising flight (light) ....... 47. 01.................
27a i Reversal first exposure .... 40. 0:, 24L-18 R .......

27b Reversal second expOSure_ 40. 51 24L-18 R ........
27c Reversal third exposure_. 41.51 24L-18 R .......
27d Reversal fourth exposure_ 42.01 24I_18 R ........
28 i Bump .................... 42.5_ 24L-18 R .......

I

Top fin

Total
load

Cvr

0, 059
-. 183
-, 318
-. 554

::ott
-. 078
_. O36
_-.O22
_. 040
F-.O32

_. 09,5
- 227!
-. 326'

-. 051 i

Bottom fin and rudder

I I
Maximum Total Load on Load on I Maximum
local load load fin rudder local load

T I I Lb,
/

 ta. Lh.] Lb. C, Ih. C, Sta.

----5:: 1 --234 ----:206i--207 ----:2761 2-27 --:077--2'.9 2G
--7.: 11 +91 +.101 i -60 -. 106/ -_ 151 +.570[+6.6] 5E-5D

-- 4B 4C +216 i + 155+1021 + 110_ _ 115I +.26ol+5.51 5D_5E
-5._ 1] +263 +.190' +13] +. 0141'-_ 250 +.565:+6.5[ 5D
-2. i 4B-4C] +36'- +.031 ........... | ............ -1.6[ 6A

--1.; 4B -17 -.ol0 ............ | ............. -2.4[ 1
+2.( 3A] --78] +.054] ..... I....... I............. +I. 11 5D
+1.: 4c] +84 +.059 ............ !............. -LS[ 6A

+z_ II +z_l +.o191 .... I....... !...... [....... t-l.2I 8n
--.{ 5B +3 +.0O21--13 --.0131 --16 +.O35--1.31 6A

+4._ 11 +225] +.207 +ll4I +. 1591 -{-1111 +.3281+6.01 5D

+I._ I:*+3521 +.316i+1591 +.2/4[-/-193 +.552l+7.2 t 6E
--3. : 1 +239, +. 206 t +97[ +. 125 / -{-143 +. 388[+5. 91 5D-5E
-5., 1 +4 +. oo4[-94[ -. 1201•=_ +. _2[+3.6/ 6B
--I, I -92 --.076 --34 --.045! --58 --.I5I--2.6[ 5D

1 Ilorlzont al flight .........
2 Steady circle ..............
4 ..... do .....................
5 ..... do .....................
9a [ Start cireia ................
9b ..... do .....................

13 [ Steady climb ..............
17a I Start climb ...............
17b ..... do.,. ..................
5I Stead)" descent ............
23 Horizontal fliglit (light)._.
25 Rising flight (light) .......
27a Reversal first expo_re ....
27b Reversal second exposure
27c Reversal third exposure___
27d Reversal fourth expesurc _

.-)8 Bump ............ i........

Port fin and elevator

Total load Load on
fin

.....Lb. C.vP I,b. Cve

--83 --0. 062 --3 0. 0,_
+27] +. o321 +a E-. oe
+411 +.O39I +4 k.o_
439[ +. 051 ........
--49[ --. 0401 ........

--60[ --. O471 ........
+69l +. 064 +16 k.t_
+8o +. o_i +t3 k. l_

+1277 I+.o97] +2 k.o3
--731 --. 057_ -IZ -. 13

--12]] --. 1081 --_ -. l(_

-40 -.o3o 1 -3 -.o3
-s_l -. _t ........
-_,, -, O45........
-82, -. 077_........
+45r+. o4o...... ,.......

•-tsl t -. t62] -s, I -. 1o5

Starboard fin and elevator

Load on Maximum
elevator local load

l,b. Cve

-07-.%
-::::_"-_::::-:

*+102 +.306
+52 t +, 165-35 - 128

-6! --. 018

Lb.

sta

ft." [
-------7

--2. 1 6B

+Ell t

+1.31 1
+1.3[

-. 91 5D
+1. O[ 5D
+3. 7/ t
+2. 7t 2c
+3.9I 50
--4.3 I
-t. 9I 5D

--. 9 6B

-1.3[ 2B-2C
-I. ol
--1.5 1

I I

Total load I Load on ] Lo,_.d on
_h).ximum

fin elevator loc_fl load

I __

CNP l,h. C_',_ Lb. C,v_ sP_qr Sta. I

-15|--.0_9-1.o _D
+. 0051 ...... _....... l ...... / ....... +3. o] 8D i

--:================================ -1:3] SD [

+.o36_+l_t +.l_sl -30l -.Hs: +3.3 I I
+.017[ +691 +.0651 --45/ -- ]29 +3.8 1
+. O87 +20[ +. 020] *+_] +. 2941 +4, 7'. 5D [
-. 113i*-20o[ -. 2101 +541 +. 170I*-5. 3I I [
-.095 -81l -.o981 -_| -.095 -1.4 _ i

-009[ -51-.0o5I -71-0201 -81 8BI
-.o32 i ...... [....... [...... !....... [ -2 s! SD I
+ oo_., ..... / ....... t ...... / ....... I +2 1' 8B l
+.Oll .......................... +2.3 _ 8B+o ,I......t.......1....../.......1+2, 5D
-. 1-.41-. I -. 142t-3. i

+Indicates load acting from bottom to top on horizontal surfaces.

+Indicates load acting from starboard to port on vertical surfaces.
* Indicates maximum load encountered.
Areas: Fixed surfaces, 180 sq. ft. each; elevators, 60 sq. ft. each;

rudder, 85 sq. ft.

52763_267_3

P

C.v_= Absolute coefficient.

p = Pressure per unit area.
_=Air density.
V=True air speed.
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TABLE V

pRESSURE DISTRIBUTION TESTS ON ENVELOPE

Wind direction ...............................
Wind velocity (M. P. tI.) ...................
Air in balloonets (cu. ft.) .....................
Static condition (lb. Iight) ...................
R. P. M. starboard ...........................
R. P. _f. port ................................

Gas pressure (inches of water) .................
Rnd_ter angle (degrees) .......................
ElevatOr angle (degrees) ......................

Air speed (knots) .............................
Compass course (degree) .....................
Inclination (degrees) .........................
Barometric pressure (at manometer) ..........

_empcrature (°F) ............................
Airdensity ................................... ] 0.00236 ', 0.00231 ',
Corrected rudder angle (degrees) .............. ] 0 i 8 R.
Corrected elevator angle (degrees) ........... ] 0 [ O
Corrected air speed (M. P. H.) (N. A. C. A.

recording instrument) ...................... ] 43. 0 i 35.0 /
Angle 6fyaw (degrees) ........................ ] 2.0 L. ] 6R. I
Fore and aft inclination (degrees) ............. t .......... I
Inclination of flight path (degrees) ............ 1.......... [ --2. 8
Angle of pitch (degrees) ....................... I.......... I

Time of c0mplet,, turn (minuteS) ............. [..........[ -_2_

Tab16 oT ffala

l_un Run Cun
No. 1 No. 2 re. 4

Variab  Variabl . iobi .
Non_g Non_ qone.luilib.

1,250 1,000 1,250
12,50 10_

 ,oov io%., loug.

a7. 5
5R.

+1.2
-0. 7

+0. 5
1.42

Run _(ln
No. 5 , No. 9a

--i _NNVariable. :
121

None. I 2_ 000
75 1Eqmlib.

1,250 ! 1,250
1,250 [ 1, 250

1_4 I PA

18 R. i 18 t_
01

35 J 45
Various. ' Various.

....
0. 00235 ] 0. OO233

.....

Run
No. 9b

Equilib.
1,250
1,250

I IBR.

i o
i 45
Varlou_

!.... _gig
73

0. 00233

I 44 R.

Run ] 1Run

No. 13 I No. 17a

...... ]

Variable. I Variable.
6 [ 12

Nono. I None.
Equilib. I 75

1,250 [ 1,250
l, 2.50 [ 1,250

1.a4-2_0 I ll/_-2

t2u.] 12u.
30 t 45
25 ] 210

12.5u. I la v. '_
30 10 ] 20 91

77 ] 64 ]
0. 00231 ] 0. 00235

0 / 0'
10U. 19U. i

40.0| 45.0!
2.0 L. | 2.5R.
+10. 5 | +5. 0

+8.0] +2.3

+2.5 1 +2.7

Run

No. 171) I

Variable. !
12 ]

None. !

lt2!o

:!ii 
13u. [

o.o= I
19 U. I

45
2.5R. ]

......+..Y..

r_un gun I nun nun aun
I

No, 21 t No. ,'3 t No. 25 No. 27a No. 27b

V, md velocity (2_. 1_. II.) .............................. i 9 13 [ 12 i 12 12
Air in ball0onets (cu. ft):=::____= ..... : .... _ .......... 2,000 i None. I None. None. None

Static condition (lb. light)_.___ .......... _ .............. ! EquiJib. I 525 i 525 ] 75 75
R P M starboard .2: .......... =..................... ! I 250 1 260 1 250 I 250 1,250
R.P.it_.lort --., ..................................... '. 1,250 1,250 I 1,250 ' l 250 1 250

Gas pressure (inches of water) ........................... ', 17/_-I_ 1_ i 1_/_"2 i 1_ 1_6
Rmider angle (degrees) .................................. 0 0 i 0 10L-10R 10L-10R,
Elevator angle (degrees) ................................ 12 D. 5_-_ D, 3 D. 0 0

Air speed (knots) .................................... :.._[ . 40 39 ] 45 [ 38_ 38t/_
CompaSS course (degrees), .............................. 67 45 210 VaHoBs. Various.
Inclination (degrees)_:,_: ................................ ] O 15 3 D. ] 0 : 0 0
Barometric pres_re (at manometer) .................... 30 02 B0 03 - 29 82 I 30.14 30.14
Temperature (°F.) ...................................... 73 .73 [ fi3 I 74 74
Airdensity ............................................. '_ 0.00232 0.00232[ 0.00235] 0,00233 0.00233

Corrected rudder angle (degrees) ......................... [ 0 0 [ 0 _4 L-IS R 24 L-18 R.
Corrected elevator angle (degrees) ........ . .............. I 18 D. 8 D, I 4 D. ' 0 O

Corrected air speed (l_f. P. II.) (N. A. C. A. recording { 1
instrument) ........................................... i 43 46 _ 45 ' 38 38. 5

Angle of yaw (degrees) ................................ [ 27L. 26R._ 05L I 0-_IR [ 0-7R
Eore arid aft inclination (d_,greeS) ....................... -5. i) .......... '_ - 0 1....................
Inclinat on of flght path (degrees) ....................... -2.6 +1.4_ +2.5 I -0.0] --0.6
Angle of pitch (degrees) ................................. I --2 4 .......... --2 5 .......... I..........

Ti eo,....pleteturn(minu es)........................i.................... t..........I..........t..........

Run Run Run

No. 27c ] No. 27d No. 2_

I 4

Variable. Variable. TVariable.
12 12 _ 12

None. None. I None.
75 75 525

1 250 1 250 1 250

1,250 1, 250 1,250

10L-10R. IOL-IOR. I0 I,-14 R.
0 0 4 U--16D.

3s½ 3s_ 4a
Various. Various ? 210

0 0 13U-18 D.

30.14 30.14 I 29. 91
74 74 ¢_

0. 00_33 0. 0O233 ] 0. OO235
24L-lgR 24L-18R 24L-25R

0 0 _.7 U-25D.

400 420 ! 450 I

0-7i_. 0-7i_.[....... ::i.. 1
--0.6 -0.7 _40

:::::::::: :::::::::: ...... :-;i
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TABLE ¥I

PRESSURE DISTRIBUTION ON THE ENVELOPE

Pressure lb./sq, ft.

19

I Station 1J
No. ft.

3 ......

4 ...... l

5 ...... i

7 ...... !

1
10 ..... f

12 ..... [

17 .....

ll.0i

18.3

ter,iam- Pad

ft.

8o!

is
12. 8 IAt

I
I

16. 51

1

34. 7

39. !

-2. 70
1.85

2, 051
-2.05
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TABL_ VI--Continued

PRESSURE DISTRIBUTION ON THE ENVELOPE--Continued

Pressure lb./sq, ft,

I

1

--, 75
- l: 30

--I. 15



PRESSURE DISTRIBUTION O_ THE C-_ ATRSHIP 2I

Station Distance Diam-!
i No. to nose, eter,
i ft. fl

59 ..... 158. 3
i

, !
i
I

25.4

62..... t 166. 7

65 ..... 175. 2 21.7

68 ..... 183. 4 16 9 l

[
i

09__., 187, 13.9
,
!

i

71 ..... 191. 10. 0

t

72 ...... 193.51 6.8
I

i

Nose,..i ................
i

Run I Run
No. No.
27b 27e

+.85+1.20
+.75 +L_O
+.95'+1.20
+ 05'+1 20
+. 7oi+ 1.20
+.fi0,+1.20
+. 95i+*. 20
+. _+1.20
+. 70_ + 1.20

+.20i+1.20

F4, 401+5. 20

52763--26_--4
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TABLE VII

PRESSURE DISTRIBUTION ON TIIE ENVELOPE

ThBLE OF R]_tULT&NT %'ERTICA.L &NO FIOP_IZONTAL LOkDS AT EACH ST,_.TION

_umber o[ statio, .............................. 3 ] 4 5 I 7'_19 I_ I 131/_

Distance of station from uase (ft.) ............... [ 2. 7 4, 7 6. 5 I1, 0 18. 3 23. 5 27.3

17 20

39.9 [ 41.3
37.4 46.3 42.063.7

39. 7

i 104. 2

_ER'flC&L LOAD IN LB, PER _'T.0Y LENG_'H

Run No, 1......................................
Run No. 2 ......................................
Run No. 4 ......................................
Run No. 5 ....... : ..............................
Run No. 9a ....................................
Run No. 9b ....................................
Run No. 13 .....................................
Run No. 17a ....................................
Run No. 175 ....................................
Run NO. 21 .....................................
Run No. 23 .....................................
Run No, 25 .....................................
Run No. 27a,_ ..................................
Run No, ft'/b ....................................
Run No. 27e ....................................
Run No, 27d ....................................
Run No. 28 .....................................

0,90
-2. 05
--1.02

-2: _

--1.28
--&7i
--& 32

-4. I
_-: 64

+5. 12
+2.31
--2. 43

--1.14
--4. 78
--7. lO

--, 49
-4, 1S
-5.75

+. 99
-. 83

-2. 97
-I6. 17
-13. 20
--8. 23
--2, 64
--3. 47

--4] 10

[
-13.40 [--12,50 --12.15
--3, OO 1--26.20 +.89
-378_-312 -1.74
+.7t! .90 -6._
+.70i +3.12 -2. 43

-1.17[ -.93 +1.78
+4.94 ] -1.56 +12.1o
--2. 35 +6. 86 --7.29
--3,53 +,31 --1,74
--4,00 ] --6.24 -11.45

-11.75 [ -4.72 -7.08
-8.24 --4.05 --8.87
+2. 12 [ +2. 18 -10.40
-2. 82 1 +6. 24 ' -3, 12
+3,7,5 ',+10,30 --3,47

--2. 35 r2.50 --2. 43
--2. 59 --. 94 --I3. 30 :

I

1
--9, 13 I --9. 17
+4.02"[ +ZOO
+5. 47 +. 40
-9, 14 [ +6,19

+4. 37 ] +6. CO
-io. 60 1 +3, OO

_14._ l -7, 98
-2, 92 i+10. 76

+.78 [ +6.79
-3. 65 [+17. 95

+.78 [ +4.79
-7,30 I +3,99
+4.38 i+11. 18
-1.83 ,, +1.19
--LIO I -3,18
+3. 65 +6. 75

-& 40 +. 8O

-4. 13
+2.o6
+l. 24
--4. 13
--4. 55
--6. t9
--7. 47
--l. 24
--8.26
--6, 61
--7,44
-II, 15

--6:_o
--5. 37
-9,10

HOR_ONTAL LOAD INLB. PER FT, OF LENGTH

Run No. 1 ......................................

Run No. 2 ........ ..............................
Run No. 4 ......................................
Run No. 5 ......................................
Run No. 9a ....................................
Run No. 9b .....................................

Run No. 13 .....................................
Run No. 17a .................................... '

t_un NO. 17b ....................................
Run No. 21 .............. .......................
Run No. 23.....................................
Run No. 25 .....................................
Run No, 27a ....................................
Run No. 27b ....................................
3Run k%, 27e ....................................
Rtm No. 27d ....................................
Run No. 28 ...................................

-. 40
48
64

-5:

16

-5, 76

-1.28
-3. 84
+2. 43
+3. SO
+z 18
+2. 31
-4. 22
+1.28
+1.28
--1.02

_'_
+: 77
+, 38

-4. 73

-3. 30 -6.10
83 -I,41

--7.10 :--11.75

+2, 81 i +1.64
+4. 12 +4.

-.16 +.94
+1.08 +1.18

-5._8 i -.24
+Z97 +5.4I

-, 49
! +.71
i --3.06

+_ 15 +6. ,_8
+_:_; +._+1o
-5. 43 --2. 35

+J:56
+11. ,54

+9. 36
+7.80
+7. 80
+5. 30
+8. 42
--l,_

+13. 10
+LSO
+3. 78
+,5. 30

+18. 70
+7.8O
+4. 60

+5, 2i

-m: 41
+7. 30
+9. 37
+5. SO
_11. lO
+7. 64
+4.86
+6._
+3. 47
+5.90
b7.64
_t3. 90
-14,OO
_13 85

+ Indicates load acting from bottom to top for vertical loads.
+ Indicates load acting from starboard to port for horizontal loads.

+2. 92 +. SO
--2. 19 --1, 20

--.73 +1.99
F15.70 +2. 39
+3.65 +4. 8O
k12. 2o +¢40
+6. 57 .00
+6.OO,I-t._o
+6. 95 --1.20
+6. 21 i+1_, 76
+3. 29 ' +2. 79
+3. 65 +4. 79
--5.11 .00
+4. 75 +. 79
+3.65 .00

+4.02 i --5. 17
+6. 40 i .+2'00

--I.24
+2. 89
+2. so

+4. 13

+6._

F11._
+6._o
--1.24
--1, 65

+._
-3:._

-6. 30 +2. 78
+3. 78 +3.18
- 6. 30 +. 40

__._ +6.96-- +3. 17
: 84 +9. 13

-11._ --3.18+5.16
:90 +9.93

+5.04 _11. OO
+3. 78 +8. 74
--2, 94 +4. 76

--. 42 +7.94
--6.30 +8. 34
+1.68 +2.80
--3.36 +2. 78

--. 84 +3. 18

+8. 40 +3. 57
+8, 40 +. 79
+6. 30 +3,97

4-15, l0 +5. 16
4-1& 40 +3. 97
+9.?. l0 +9. 13
+5. 88 +1,98
+5. 46 --5.16

-l-16. SO +5.16
+6.30 --1. 19

_-1I, 32 --1. 59
+8. 40 +5. 96
+6, 30 --4. 76

+, 42 --7, 94
+5.05 -1.59

.00 --8.34
+1.68 -ZOO
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TABLE VII--Continued

PRESSURE DISTRIBUTION ON THE ENVELOPE--Continllcd

TABLE OF RESULTANT VEKTICAL &ND HORIZONrAL LOADS &T E?.CH ST&TION

t

Number of station ...................................... 49 53 57 [ 59 62 65 0o,% 71 7268

10.9 [ 13.9 10. 6.8

,.4 i  7.4 1oi. 1o3.5
VERTICAL LOAD IN LB. PER FT. OF LENGTH

Run No. I [
n _ _ +2.85 l

.............................................. +i3. 2o
Ru .................................................... i +6. 78 I +12. 20
RunNo. 4............................................ ] +7.50 +10.46
Run No. 5.............................................. ] +12. 86 i +16. 17
Run No. 9a .......................................... [ +0.64 ] +9.90
RunNo. gb .......................................... I +13.2 i +10.00
Run No. la ........................................... I +2. 50i +6. 60
Run No. 17a .......................................... l +8.02 [ +8.25
RunNo. l_) ................................ _ .......... I +10.71 [ +5.94
Run No. 2[ ............................................. I +20. 70 j +25. -10
Run No. 2,'1............................................ [ +12. 12 ] +13. 20
RunNo. 25 ............................................. [ +12.101 +9.24
Run No. 274 ............................................ [ +8.92 [ +12._q7
Run No. 27b .......................................... ] +10.71 [ +12,50
Run No. 27e ........................................... 1 +7. 48/ +6. 30

Run No. 27d ........................................... +8. 20 I -+9. 90

Run No. 28 ............................................. +10. 71 I +7. 90

+6.00

+8. 40

( +2 70
_+12. O0

+Z 70

] +4.50
! -4.20

i+n: 70
+5. 40
+3. 30
+7.5O
+5. 40
+2. 70
+5. 10
+3. _0

+2.83 --2. 29 --7. 16

+4._ --1.02 --6.73
l -2.,_41-_ 2_

51 [
+1.42 [ +2. 82
+2. 83 i +2. M I --.43
-4._0 ] -3 56 ! --0.35
+_.23 -2. 03 -4.78
+I. 42 ! -3. 81 [ -9. 33
+6. 51 +6. 35 +6. 30

5+2_ -3. 30[-2.17+1.27 ] +2. 39
+4. 25 _,-3. o5 I -4.77
+4. 24' -.76[ -2. 82
+8. 50 I --4 32 _ +, 65
+3. 40 +1.27 --1.74

+5. 36 +5. 08 +.86

--1.02
--1.86
--].35

+. 85
+3.o4
+2. 70
--1.18
--2.20
+2. 10
+0. 25

--. 17
+l. 35
-2. 03
+2. ]5
+2 37

+. 84
+3. 60

--1,67 } --0.30

--1.95 --.9O
--1.67 --. 70

+Lit +.50
+4. o3 [ +2. 50
--3,48 --2. 20
+l. ll +L70

--.14 --1.50
--1.39 --1.30

i+i.95 -,2o
--2.36 --1.20
+ 1.67 +. 50

+1.95 I -1._o
--28 --.50

i +2:50 +.20

HORIZONTAL LOAD INLB. PER FT. OF LENGTH

mm No. l ............................................ t 7_ I -9. e_

Run No. 2.......................................... _464! -7. 60
.00 - 90

Run No. 4 ............................................ +11.80 +5.61 +_60

Run No. 5 ............................................. +10.71 +10.23 -}-5. 70
-179_

Run No. 9_ .......................................... +12.50 +I. 98 --2.4(IRun No. 9b .......................................... +16.50 +3.00
Run No. 13 ........................................... +3.57 +6. 93 +2.40
RunNo. 17a ............................................ -2.86 ! -5.61 -9.00
Run No. 17b .......................................... +7.80 +4.95 +2.70
RunNo. 21 ........................................... +4. 29 ' +8. 25 1.80

-x.o7 ', .9o -£50]_un No. 23 ......................................... .
Run No. 2,_ +3.93 +1.65 _430i ..........................................
Run No. 27a ............................................ -9.64 i -2. 64 -11.10

I Run No. '27,b ........................................... -2. 14 +1.98 -8. 70
Run No. 27e ............................................ +2. 50 ' --. 66 --6. 9O

• --7.60

Run No. 27d ........................................... +2.50 --7.60 --1.20
i Run No. :_q .......................................... +1.79 {-.99

i

--6. 51

+_: 22
--I. I2

+7. 66
+2,83
-10. 75
+2.26
+2. 83
-- I. 41

--41 80

--I. 42

I r

+.76 I +.65 + 17 70
+3. 05 +z60 +i: 69
+8.38 +7.80 +2.54 --1.39

+10,92 +10.20 +5.07 I +2.08
--1.9O +4.50 +2.03 , --l. I0

+13.45 [+10.20 +11.00 +5.70

+.76} +.87 +1.0] -2. 08-.7o I -2.17 -1 al
+2.03 1 +2. t7 +2107 -1.25

+5.59 [ +.43 +1.

+1.78 [ +2, 60 _ --: 42-t27t-173 +-_: -l.25
+3.3t ] +3.91 +1.18 +l. ll

+Z791+3,48 +2.88[+1.40 I
+1.78 +Z g2 --. 28

54 +. 97+7.10 +5. O4 ++21 84

I--0. 27

+.20
-.68

-1.16
--. 34

+. 07
+l, 22
--1.36

+1.22
--1.40

--.20
--. 48

.00

+. 136
+. 48
--. 34

.00

-- 10 + 48

--: 37 !--: 48
-4.00 --3.30
--I 80 '--1 ,56
--1. I0 I --.14
+1.50 ' +.89

-.9o i -.48
--.80 '-1.02

--1.9O _ +.14
+t.go ] +.25

--. 40 -- 54
--30! .9O

-.30: +.o7
+.1o i +.o7
+.4o[ +.0_
--.40 --.34

.00 [ .0O

+ Indicates load acting from bottom to top for vertical loads•
+ indicates load acting from starboard to port for horizontal loads.

TABLE VIII

MOMENTS OF FORCES ON TAIL SURFACES ABOUT TIIE C. B.

Run NO.

1 ..............

4_--::Z:--_:---_:
9a ............
95 ...........
13 .............
17a ............
17b ...........

Moment I Moment
othorl- l of vertical

zontal forces_ forces

(lb. ft. ) (lb. ft. )

--5,275 15,380
--22,589 : --165
-37, 2oo i --3,735
--12,370 I --2,365
12,640 _ 6,020
2,940 5,058
1,669 --10,642

--7,620 --5, 624
8, 700 --21, 890

Moment [
of hori-

Run No, zonta] forces

• (lb. ft,) [

21 ............. _ 8, 9O0
23 ............. 3, 608
25 ............. --2, 670
274 ........... 34, 577 [27b ........... 35, 100

27c ........... 6, 810

...........

Moment
,f vertica

foro2s
(lb. ft. )

• 14,12o
17,900
4, 240
8, 450
2, 27,0
4, 700

--11,760
27, 440

--Indicates counterclockwise moment. Horizontal forces viewed from top; vertical

forces viewed from Port.
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L oc o'//:_-e.._s ur_ Oco/e

0 2 4 Fee/

0 2 4 Ibv/sq.ff.

/0.,_0

816

8

19, 2:.4

_0

$

,j

I,

TL=÷ 71.38/b.
Fore and off cartier of pressure

To/)fln
from porl side

-- Locolpressure CU_Ve_ --
................... L(_don _lofboord $/de of _urfoce. Pos/live load _)lolled r/qhf of bo_e hhe.

- Dart ....
__ Resultant load .................. - /eff

To_ol load curves '--,
Tale! load. Po_itv've food p/oiled above bo._e #r_..

fO,ZO

j Fo_-e and _ft cenfer of ,or_,._._uf_ _I(
o

: :.!!!

IU

. Z/ii

TL=+3Ea.O/b.

Bollom _H
and rudder

from por/ side

Fro, 0.--Tail Stirrace load curves. Run No. 27b, reversal. Rudder anglo 24 ° left to 18 ° right. 1,250 R. P.M. Positive loads are those
acting from s/arboai'd to port
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Local _es_Le-e _cole

0 _ .I Feel

0 2 4 ]b./sq ft.

lot20

8 /6
13

_z iL 8

_o 2 4

0 0

",\I ! iitl II _
" it i! =il; ilJ I IJ i! I!

Fore and off cenier of pressure .

-- LOCO! pressure curves --
................... L ood on lower SMe of _urface. Posih_e load p/o/fedriqhlof bose hne.

• ul_oer - _ . , - ,. . . . . . .

Resu//oni /ood. .............. - /ef_

Total/ood curves

Tola/ load. Pos1_ve load ploffed above bose line,

Starboard

fin and elevator

from top

TL=+4.321&

LoCal pressure ._cole

0 ,2 4 ,reef

0 2 4 /bJsq.ff

"_u 8116

_° _E 4 8

el4

o o

, _ _ II ill (i

i( ;.I

Fore ond off cenfer of prc=3_uPe

Porf

fln and e/evolor

from fop

FIG, 10.--Tail surface load curves. Run No. 27b, revers_3. Rudder angle 24° left to 18° right. 1,250 R. P. 1V[, Positive loads are
those acting from lower side to upper
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.J .j -d

JI. -.i/,,o e ",_-e_t _," \ \, I " 1 )

,,.6 12

_o__ 4 8 "_ _ ° TL=-311.21b.

_ Loco/press/ure curves --

................... Lend,on _iorboo_ _ive lend p/oiled ,-_gh# of bone line.

._..- ....".... " " ; " /_7,R--ue_ " poe-# ...........

Totol /ood curve5
To#o/ /ooc_ Positive Icx_ploUed obove bose llne.

Loco/ pressure stole

0 2 4 Feel

0 2 4 /b./sqfL

. IOleO

8

61/2

N 2 4

0 o

_i- , i i li
, ,' ,

c,t
"--._._

Fore ond oH cenler of pressure/

_I _iAi

) .':.,

Top Hn

from port side

Bottom f/n

and rudder

from port side

TL=+51.2O Ib.

.... FI_. ll.--Tail surface load curves. Run No. 5, steady circle. Rudder anglo 44_ right. 1,2D0 R. P.M. Positive loads arc those acting
from starboard to port
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Local pressure 5cole

0 2 4 Feel
0 2 4 /b./_q.ff.

/(7 L_O

8-/6

8

0 0

it

,

iljJ
_, i/

,i

/

I

Fore ond of/ cenfer of l_cessure /

TL= -6.88/b

LOGO/pressure eL_'ve$
................... Lood on lower _de of surfoce. Positive load/;Coiled riqht of base fine.

, ° uD_gr " w
Resul/ont /ood. .............. " Jeff

TO:to//oQd ¢urve_
Tolol Iood. Po_#ive Iood plotted obove bose h'r_.

_torboord
fiHand elevator

from lop

Locol pressure scole

0 _ 4 Feet

0 2 4 Ib./sq.ft

I0] ZO

81"

eI4
o o

/! !

Fore ond off cenfer" of _)re_sure

Port

ffh end e/evafor

from fop

TL= ÷38.64/b.

/

F]_. 12.--Tail surface load curves. Bun No. 5, steady circle. Rudder angle 44 ° rlgh_. 1,250 R."P. M Positive loads are those act--
lng [rom lower side to upper
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.4

Local pressure sca/e _ .-"_ _ ,."o _ 4reef _' / I i(
_'_ V ",./ I I"

o e 4 /bl._qff _ " ",

o ,o ........./_- " !,_i

_ e 4

0

)(

/./ '".....

L_

./ ",,

/ ",,

I

\

I
/

t

/
I

/l ° . jTL=-ea4a2Jb.

Local pressure curves --

................... Loedon _lorboordskYe of surface. PositiVe load plaited rfqhf of bose Ere_

,, par]
Resu/lant load .................. * left -

Totol food curves

Total load, Posih've load platted above Ooze fine.

To/) hh
from port _ide

Locolpressure scele _ _

0 ;2 4 Feet _ ,

0 a 4 f6/sq.ft.

,o_m

8 t6

o

_4L8

0

\\

TL = + 262.881b.

Fore ond oft cenler of pressure

Bottom l;h
ond rudder

from port side

F](_. t3.--Tail st_rface lo_d curves. Run No. 9b, start circle. Rudder angle 44 ° right. 1,250 R. P.M. Positive loads are those acting

from starboard to port
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Lo_ol j_r'e.ssur'e ,._co/e

O 2 4 Feel

0 2 4 l&/sq.ff

I0 -20

._ 8 /6
o
u

&tZ 4 .O
.3

o o

"4 "_1

l •

t I

_L

_h

l' li

i:v Sforboord

f1_ ond elevofor

from fop

_-_TL=-1.84/b.

Fore ond af/ cenler of Dressure _ /
t/

-- Loco/ pressure curves
................... Lood on lower s/de of surfoce. Po_/f/ve Iood p/o/fed r/qht of bQse line.

" Ul_Der

Resultont IoQd ............... , * left
Toto/ /God curves _-

Tofol lood PosJiive Iood plolted obove bo_e I_"_e.

Local 13_essure _co/e

0 2 4 Feel
o z 4 /b./_q.ft.

/0 • gO

8 _16

u

.,..6 !12

4 8

_ Z 4

'0 _

ili[,

Fore ond of/ cenler Of press_tre

I_1

'iI.

,1 !

Porf

_ and elevof, or

From ioD

F[_. ;4.--Tail surface load curves. Run No. 9b, start circle. Rudder ang]e 44" right. 1,250 R. P.M. Positive loads are those
acting from lower side to upper
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Locc_l pressu_ $¢_1e
0 2 4 Feel

0 2 4 Ib/sq f_

IO120

81/6

i .

"4

", CT
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Positive directions of axes and angles (forces and moments) are shown by arrows

" Axis

Sym-
Designation bol

Longitudinal.-. X
Lateral ........ Y
Normal ....... Z

i
, Force

(parallelto axis)
symbol

I

I
I

X
Y
Z

Moment about axis

Designa-
tion -

oiling .....
_itching ....
,awing .....

ym- Positive
bol direction

L Y-------* Z
Z------* X
X----'--* Y

Angle

Designa-
tion

roll ......
pitch .....
yaw .....

Sym-
bol

Velocities
I

Linear

n(C°me°_ - Angular

Absolute coefficients of moment.

5 C _MC _N_ neutral position), 8.
Clffi_ -gcS ° _fS proper subscript.)

4. PROPELLER SYMBOLS

Diameter, D.
Pitch (a) Aerodynamic pitch, p,.

(b) Effective pitch, p..
(c) Mean geometric pitch, p_.
(d) Virtual pitch, p,.
(e) Standard pitch, p,.

Pitch ratio, p/D.
Inflow velocity, V'.
Slipstream velocity, V..

Angle of set of control surface (relative to
(Indicate surface by

Thrust, T.
Torque, Q.
Power, P.

(If 7'Coefficients" are introduced all units
used must be consistent.)

Efficiency _-- T V/P.
Revolutions per sec., n; per rain., .hr.

Effective helix angle _-- tan_ (_--_)

S. NUMERICAL RELATIONS

1 lb. =0.45359 kg.
1 kg. ffi2.20462 lb.
1 mi. = 1609._35 m. _5280 ft.
1 m. ffi3.28083 ft.

1 tP--76.04 kg. m/sec. = 550 lb. ft/sec.

1 kg. m/sec. =0.01315 H. P.
1 mifar. = 0.44704 m/sec.
1 m/sec. =2.23693 mi/hr.




